Introduction
Septicemia is a major cause of morbidity and mortality in the neonates. Low birth weight and premature neonates are more prone to neonatal sepsis due to incomplete host defense. An increased production of free radicals in septicemia culminates in cellular and tissue injury [1, 2] , and reduced level of defense makes low birth weight and premature babies highly susceptible to the same [3] [4] [5] . Major defenses are enzymatic (superoxide dismutase, catalase, glutathione peroxidase) and non-enzymatic (vitamins A and E, uric acid, albumin) antioxidants, which either alone or in combination maintain cellular integrity. Keeping this in view, the present study evaluates the lipid peroxidation and antioxidant status in neonatal septicemia.
Subjects and Methods
A prospective study was conducted in the University Hospital of Banaras Hindu University from January to December 2004. It was approved by the hospital ethics committee. Neonates with sepsis were included irrespective of gestational age, birth weight and postnatal age. Controls were matched for gestation and birth weight. Informed consent was taken from the parents.
Sepsis was defined as the presence of clinical signs e.g. poor feeding, weight loss, lethargy, temperature instability, sclerema and delayed capillary filling time 43 sec, with either a positive blood culture or any two laboratory criteria suggestive of sepsis i.e. (i) total leukocyte count 55000/mm 3 or 430 000/mm 3 (ii) immature/total neutrophils ratio 40.2, (iii) raised micro-ESR !5 mm in 1st hour on 1st day of life or !15 mm at any time (iv) positive C-reactive protein [6] . Babies with congenital malformations, birth asphyxia, meconium aspiration syndrome and hyperbilirubinemia were excluded.
On clinical suspicion of septicemia blood samples were collected in sterile heparinized vials, serum was separated and analyzed for malondialdehyde (MDA), superoxide dismutase (SOD), catalase, glutathione peroxidase (GTPx), uric acid (UA) and albumin (Alb) using standard protocols. The methods used for analysis were thiobarbituric acid (TBA) assay [7] for MDA, RANSOD Commercial Kit for SOD, decomposition of H 2 O 2 by the method of Aebi [8] for catalase, RANSEL Commercial kit [9] for GTPx, spectrophotometry using Accurex Commercial kit for albumin and Sigma Commercial kit for uric acid. Data were analyzed using SPSS-10 software.
Statistical analysis was done by Student's t-test for significance. One way analysis of variance F-test and multiple range test (SNK) were applied to test the significance among the means of different subgroups. The simple and partial correlations were calculated wherever necessary.
Results
The study population included 128 neonates of which 44 babies with sepsis were taken as cases and 84 healthy babies formed the controls (Table 1) . Among septic neonates, 33 (75%) had positive blood cultures. Gram positive organisms were isolated in 10 (Coagulase-negative Staphylococcus aureus in 6, Coagulase-positive S. aureus in 2, L monocytogens in 2), gram-negative in 19 (Acinetobacter in 7, Pseudomonas in 5, E. coli in 4, Citrobacter in 2, Klebsiella in 1) and Candida was grown in four babies. Significantly higher levels of MDA, SOD, GTPx and catalase were seen in the cases while the levels of UA and Alb were significantly lower as compared to the controls ( p50.001) ( Table 2) .
As the sample size was sufficient only in pretermappropriate for gestational age (PT-AGA) babies, further analysis to see the influence of other variables was restricted to this group only. Higher levels of MDA and lower levels of uric acid were found in late onset sepsis as compared to early onset sepsis in preterm neonates ( p50.01). Significantly higher levels of MDA, SOD, GTPx, catalase and lower levels of uric acid and albumin were found in preterms neonates who died (Table 3) . They also had significantly lower gestational age and weight. The correlation matrix in controls revealed that serum MDA and antioxidants showed inverse relationship, whereas in babies with septicemia, with increased MDA levels, all antioxidants except uric acid and albumin showed positive correlation. n ¼ number of subjects.
*p 5 0.05, # Discussion Newborn babies especially the preterms are more prone to develop free radical mediated tissue injury due to sudden increase in oxygen tension at birth and also due to inadequacy of antioxidant stores [10] [11] [12] . Oxygen free radical damage is usually prevented by a series of enzymatic antioxidants (SOD, catalase and GTPx) and non-enzymatic anti-oxidants (vitamins A and E, UA and Alb).
In the study of Batra, et al. significant elevation of SOD, GTPx, and MDA in serum was found in the neonates with while the levels of UA and Alb were decreased [5] . In the present study, the levels of MDA were significantly elevated in neonates with septicemia as compared to the controls in the three subgroups indicating free radical-induced lipid peroxidation during neonatal septicemia. Increased lipid peroxidation in neonatal septicemia has been attributed to excessive generation of free radicals [2] . The levels of MDA among the control group were significantly higher in PT-AGA and full termintrauterine growth retardation (FT-IUGR) babies as compared to full term -appropriate for gestational age (FT-AGA) group, emphasizing the fact that both prematurity and growth retardation imposes stress on the fetus.
The levels of enzymatic antioxidants (SOD, GTPx and catalase) were significantly elevated in all the subgroups. The higher levels of antioxidant enzymes appear to have a protective mechanism to counteract higher free radical production which was similar in all the three subgroups, suggesting that antioxidant mechanism is not affected by either weight or gestation. The levels of non-enzymatic antioxidants (uric acid and albumin) were significantly depressed, predisposing these neonates to further damage. Among the control groups, antioxidants were significantly elevated in FT-AGA babies as compared to FT-IUGR and PT-AGA babies. When FT-IUGR and PT-AGA babies were compared, antioxidant levels in FT-IUGR babies were significantly lower than that in PT-AGA babies, indicating birth weight to be the influencing factor, rather than gestation to govern the antioxidant levels.
Significantly elevated levels of MDA and depressed levels of uric acid were found in PT-AGA babies with late onset sepsis. No significant difference was found in levels of MDA and antioxidants in relation to gestational age and etiological agents causing sepsis in PT-AGA babies. The levels of MDA, SOD, GTPx and catalase were significantly elevated, whereas levels of uric acid and albumin were significantly depressed in PT-AGA babies who ultimately succumbed. Yigit, et al. [12] measured lipid peroxidation in 35 preterm neonates by determining MDA levels during the fist week of life. Serum MDA concentrations in those with sepsis were not different at 1, 24 and 48 h, but were significantly higher on day seven when compared with neonates without sepsis.
In the present study, all the 8 babies who died had septic shock, six of them were PT-AGA ( 532 weeks) and one each was a FT-IUGR and FT-AGA baby. The exact mechanism of death in these babies is still unclear. It is highly probable that mechanisms of repair of the damage caused by toxic effects of free radicals might not be well developed in them which proved lethal. One study found free radical scavengers are present in sufficient concentration in the small-for-gestational-age (SGA) babies [13] .
In conclusion there is an increased production of reactive oxygen species in neonates with septicemia. On the basis of our observations, full-term babies have adequate stores of antioxidant enzymes which confer a protective role. However, when the oxidant stress outpaces the antioxidant activity, significant lipid peroxidation leads to a cascade of damaging events in these babies. However, the role of other antioxidants like vitamins A, E, glutathione, ceruloplasmin etc. cannot be ruled out. The utility of supplementation of antioxidant enzymes in neonates with septicemia needs be further evaluated. 
